Abstract Over the past decade, there have been an increasing number of studies that have investigated problematic and/or 'addictive' smartphone use. The present study explored the prevalence and correlates of problematic smartphone use (PSU) among Chinese university students. Few studies have investigated relationships between PSU and factors such as academic anxiety, academic procrastination, self-regulation, and subjective wellbeing. The present study proposed and tested a hypothetical model of relationships between PSU and these factors. A total of 475 Chinese university students completed a paper-based survey during class breaks. The survey comprised a battery of psychometric scales translated into Chinese translations examining the study variables (i.e., academic anxiety, academic procrastination, self-regulation, life satisfaction, and PSU). Path analysis was applied to test the hypothetical model. A good model fit was found (CFI = 1.00, RMSEA = 0.008), in which PSU predicted academic procrastination (β = 0.21, p < 0.001) and academic anxiety (β = 0.18, p < 0.01). Also, self-regulation predicted PSU (β = − 0.35, p < 0.001), academic anxiety (β = − 0.29, p < 0.001), academic procrastination (β = 0.23, p < 0.001) and life satisfaction (β = 0.23, p < 0.001). PSU mediated the relationships between self-regulation, and both academic anxiety and academic procrastination. The present study enhances our understanding of the role of problematic smartphone use in relation to academic behaviour, mental health and wellbeing of college students.
In 2016, 62.9% of people around the world owned a mobile phone, and the number is predicted to reach 67% by 2019 (Statista n.d.) . In China, mobile phone ownership is much higher than the global average. The number of mobile phone users in China reached 1.42 billion in November 2017, although this figure includes all mobile phones and not just smartphones which are the focus of the current investigation (Ministry of Industry and Information Technology of the People's Republic of China 2018). The prevalence of smartphone ownership in China was 58% in 2015 (Poushter 2016) . Although mobile phones, especially smartphones, offer benefits in terms of communication and access to information, there is growing evidence that they can have negative effects and that their use can become problematic among a small minority of individuals (e.g. Bianchi and Phillips 2005; Billieux et al. 2015a; Carbonell et al. 2012; Hussain et al. 2017; Lopez-Fernandez et al. 2017) . Several symptoms of problematic smartphone use have been identified including excessive reassurance behaviours (e.g. constantly checking for new messages) and use in inappropriate situations such as using smartphones while driving (Billieux et al. 2015a) .
Furthermore, evidence suggests that problematic smartphone use may be a particular problem in China. For instance, Long et al. (2016) found that the prevalence of problematic smartphone use among undergraduates (n = 1062) in Mainland China (21.3%) was higher than in similar samples in other Asian regions such as South Korea (11.4%) and Taiwan (16.4 to 16.7%). All of these studies used the same instrument (Problematic Cellular Phone Use Questionnaire, PCPUQ, Yen et al. 2009 ) and the same diagnostic criteria. Explanations for this observed difference remain unclear. Also, several recent Chinese studies have found college students' smartphone use to be associated with poor psychological wellbeing, anxiety and loneliness (Bian and Leung 2015; Huang et al. 2013; Long et al. 2016) . Thus, it appears important to investigate whether problematic smartphone use is particularly prevalent among Chinese college students and whether it is associated with negative psychological outcomes for them. The present study was designed primarily to explore relationships between problematic smartphone use and potential correlates that are relevant to student life, such as academic anxiety, academic procrastination, self-regulation and life satisfaction.
Problematic Smartphone Use
Ever since Griffiths (1995) published his paper on 'technological addictions, many authors have labelled problematic mobile phone or Internet use as an addiction, using terms such as 'mobile phone addiction', 'smartphone addiction', and 'Internet addiction' (e.g. Griffiths 2000; Hong et al. 2012; Liu and Kuo 2007; Widyanto and Griffiths 2006; Young 1998a, b) . Such terminology draws on the idea of 'technological addiction' referring to 'nonchemical (behavioural) addictions which involve human-machine interaction' (Griffiths 1995, p. 15) . However, it is important to note that there are no diagnostic criteria for mobile phone addiction in the most recent (fifth) edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric Association (2013), although one form of Internet use disorder (i.e. Internet gaming disorder) appears in Sect. 3 as an emerging disorder and is conceptualised as a behavioural addiction similar to gambling disorder (American Psychiatric Association 2013). Consequently, most of the studies in this area have relied on diagnostic criteria for substance dependence and/or pathological gambling (Kuss et al. 2014) . Billieux et al. (2015b) have argued against this practice, making the case that it is overly simplistic to judge overuse, or problematic use, of mobile phones as an addiction, although Griffiths (2005 Griffiths ( , 2017 has argued that any behaviour that comprises all of the core characteristics of addiction (e.g. salience, conflict, tolerance, relapse, mood modification and withdrawal symptoms) should be defined as such. Billieux et al. (2015a) proposed a theoretical pathway model which represents the complexity of problematic mobile phone use, including addiction-like symptoms, and emphasises psychological factors including anxiety symptoms and self-control. The present study takes a similar approach to this and focuses on psychological correlates of problematic smartphone use. Because of the high rate of smartphone possession among Chinese undergraduates (99.2% reported by Long et al. (2016) ), the present study focuses on smartphone use (i.e. Wi-Fi enabled mobile phones) rather than mobile phone use and will use the term 'problematic smartphone use' (PSU).
Academic Anxiety and PSU
Many empirical studies have found that anxiety is associated with increased smartphone use including dependence and so-called smartphone addiction (e.g. Akin and Iskender 2011; Ha et al. 2008; Hong et al. 2012; Jenaro et al. 2007; Lepp et al. 2014; Leung 2008; Wang et al. 2014; Yang and Lay 2011; Zboralski et al. 2009 ). Studies of Chinese college students have also found anxiety to be associated with PSU (Huang et al. 2013; Long et al. 2016) ). Furthermore, theoretical approaches have also suggested an association between anxiety and PSU (Billieux 2012; Billieux et al. 2015a ) and pathological Internet use (Davis 2001) . The trait-state anxiety theory (Spielberger 1972) indicates that anxiety-inducing situations, perceived by an individual as threatening, may evoke behavioural reactions, which could potentially include certain types of smartphone use. Such reactions may be used as coping mechanisms in order to reduce the intensity of the anxiety felt in the face of a perceived threat.
However, empirical studies of the relationship between PSU and anxiety have yielded mixed findings, particularly relating to the direction of effects. For example, one study reported that higher frequency of mobile phone use predicted higher levels of anxiety, albeit with a limited effect size (Lepp et al. 2014) . However, in an earlier study, higher levels of anxiety were found to predict higher levels of self-reported mobile phone use (Jenaro et al. 2007 ). This lack of clarity regarding direction of effects is perhaps unavoidable in correlational research. Further complicating the issue, Lu et al. (2011) found text messaging dependence and Internet dependence to be uncorrelated with anxiety. According to studies conceptualising problematic technology use as an 'addiction' (Hong et al. 2012; Huang et al. 2013) , anxiety can predict mobile phone addiction and Internet addiction (Zboralski et al. 2009; Fu et al. 2010 ), but these variables can also predict anxiety (Akin and Iskender 2011) , suggesting a possible bidirectional relationship.
Although most of the aforementioned studies were conducted among university students, few focused specifically on academic-related anxiety. As academic anxiety might negatively affect students' learning and performance (Slavin 2012 ), it appears important to ask whether this particular type of anxiety is associated with PSU. Control-value theory (Pekrun 2006 ) offers a theoretical framework for studies of academic anxiety and indicates that academic anxiety can be associated with learning strategies and self-regulation. It appears likely that PSU-at least to some extent-represents self-regulation failure and that it could have associations with learning strategies. Consequently, the present study investigated the relationship between PSU and academic anxiety among Chinese college students. Steel (2007) defined procrastination as 'voluntarily delay [ing] an intended course of action despite expecting to be worse off for the delay' (p. 7). In academic situations, procrastination is a widespread phenomenon and it has been found that students often procrastinate when approaching academic tasks (e.g. Klassen et al. 2009; Lay and Silverman 1996) . Several studies have focused on the relationship between academic procrastination and Internet use. For example, high levels of Facebook use were found to correlate with higher levels of academic procrastination in a student sample (Sahin 2014) . However, in a similar study, no significant associations were found between academic procrastination and problematic Internet use (Odaci 2011) . Consequently, evidence regarding this relationship remains unclear, and therefore, it is relevant to examine whether there is an association between academic procrastination and PSU in Chinese college students because smartphones could be seen as a distraction tool that facilitates procrastination. To the present authors' knowledge, no empirical study has focused on the relationship between academic procrastination and PSU. Also, the theoretical model of procrastination proposed by Schraw et al. (2007) did not suggest such an association. Thus, it appears necessary to investigate the relationship between PSU and academic procrastination.
Academic Procrastination and PSU
Several studies in educational settings have suggested that procrastination is associated with general or test anxiety (Cassady and Johnson 2002; Fritzsche et al. 2003; Klassen et al. 2009 ). Schraw et al. (2007) 's theoretical model indicates that one maladaptive aspect of academic procrastination is fear of failure, which is a clear cognitive symptom of anxiety (Zeidner 1998) . Therefore, an association between anxiety and procrastination has been both theoretically and empirically supported. Considering the association between anxiety and PSU discussed previously, it appears interesting to ask whether anxiety might mediate any relationship between PSU and academic procrastination.
Self-Regulation and PSU
Self-regulation has been described as 'those processes, internal and/or transactional, that enable an individual to guide his/her goal-directed activities over time and across changing circumstances (contexts)' (Karoly 1993, p. 25) . Billieux et al.'s (2015a) pathway model suggests that impulsivity, which appears to represent the failure of self-regulation, can lead to problematic mobile phone use. Several studies have suggested that low levels of self-regulation predict greater Internet/mobile phone use, as well as negative consequences such as anxiety (LaRose and Eastin 2004; LaRose et al. 2003; Soror et al. 2012) . Low self-regulation has been found to negatively predict problematic smartphone use in European samples (Gökçearslan et al. 2016; Van Deursen et al. 2015) . However, it remains unclear whether this association exists among mainland Chinese college students.
Life Satisfaction and PSU
Life satisfaction has been investigated in many studies and is widely acknowledged as one important aspect of subjective wellbeing (Diener et al. 2002) . Several empirical studies have explored the relationship between life satisfaction and PSU and obtained different results. For example, no direct significant relationship was found between life satisfaction and mobile phone use or texting among a US sample (Lepp et al. 2014) . They found that mobile phone use and texting significantly predicted GPA and anxiety, while GPA and anxiety significantly predicted life satisfaction. Similarly, in another study, smartphone addiction was not directly correlated with life satisfaction, while stress and GPA were predicted by smartphone addiction and significantly predicted life satisfaction (Samaha and Hawi 2016) . Nevertheless, in different contexts, life satisfaction has been found to be correlated with PSU and also negatively affected by Facebook use in multi-cultural samples (Dayapoglu et al. 2016; Kross et al. 2013) . To the present authors' knowledge, no studies have ever investigated the relationship between life satisfaction and PSU among Chinese mainland university students. Therefore, it is timely to investigate whether life satisfaction is reduced by PSU in Chinese college students.
Aims and Hypotheses
Based upon the aforementioned theoretical and empirical literature, there are several questions that need to be investigated empirically, especially in the context of Chinese universities. Consequently, the present study explored the prevalence of PSU among Chinese university students and its relationship with academic anxiety, academic procrastination, self-regulation and life satisfaction. Six hypotheses are proposed: (i) problematic smartphone use positively will predict academic anxiety, (ii) academic anxiety will positively predict academic procrastination, (iii) problematic smartphone use will positively predict academic procrastination, (iv) problematic smartphone use will positively predict academic procrastination mediated via academic anxiety, (v) self-regulation will negatively predict problematic smartphone use, and (vi) problematic smartphone use will negatively predict life satisfaction. These hypotheses are presented as a hypothesised model in Fig. 1 .
Methods Participants
A total of 475 undergraduate students were recruited via convenience sampling at a university in South China. The average age of participants was 19.77 years (SD = 1.11), ranging from 16 to 27 years. There were 266 males and 209 females. The participants were studying a range of subjects including English, administrative management, software engineering, media and mechanics.
Measures
Smartphone Addiction Scale -Short Version (SAS-SV; Kwon et al. 2013 ) PSU was assessed using the SAS-SV. The SAS-SV comprises ten items (e.g. 'My smartphone is on my mind even when I am not using it') and is answered using a 6-point Likert scale ranging from 'strongly disagree' (1) to 'strongly agree' (6). Given that the current study was carried out among Chinese students, items related to Twitter and Facebook in the original version were changed into 'WeChat or other social media'. The cut-off points for smartphone addiction were those used by the scale developers (i.e. 33 out of 50 for females and 31 out of 50 for males). Cronbach's alpha was good in the present study (α = 0.80).
Academic Emotions Questionnaire (AEQ: Pekrun et al. 2005 ) Academic anxiety was assessed using modified versions of the anxiety subscales of the AEQ. The modified AEQ-anxiety is a 12-item measure (e.g. 'I feel nervous in class') answered on a 5-point Likert scale and rated from 'strongly disagree' (1) to 'strongly agree' (5). It assesses academic anxiety in class, learning and test situations. Cronbach's alpha for the three subscales as a whole was good in the present study (α = 0.82).
Irrational Procrastination Scale (IPS: Steel 2010) Academic procrastination was assessed using the modified IPS comprising eight items (e.g. 'My life would be better if I did some activities or tasks earlier') answered on a 5-point Likert scale ranging from 'not at all true of me' (1) to 'very true of me' (5). Cronbach's alpha was 0.60 in the present study. According to Loewenthal (2004) , this reliability is acceptable for this scale with fewer than ten items.
Self-Regulation Scale (SRS: Diehl et al. 2006 ) Self-regulation was assessed using the SRS, a ten-item scale (e.g. 'I stay focused on my goal and don't allow anything to distract me from my plan of action') answered on a 4-point Likert scale ranging from 1 ('Not at all true') to 4 ('Completely true'). Cronbach's alpha was adequate in the present study (α = 0.69).
Satisfaction With Life Scale (SWLS; Diener et al. 1985) Life satisfaction was assessed using the SWLS, a five-item scale (e.g. 'If I could live my life over, I would change almost nothing') answered an a Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). Cronbach's alpha was good in the present study (α = 0.78).
All scales except for the SWLS were translated by the researchers into Chinese and validated through a standardised back-translation procedure (Beaton et al. 2000) . The validated Chinese version of the SWLS by Bai et al. (2011) was used in the present study. The scales were tested in pilot studies and three of them were modified prior to the main study (full details available on request from the first author).
Procedure
Participants were recruited by their English teachers who agreed to distribute the questionnaires during class breaks. The teachers and the first author introduced the present study to the students before distributing the paper-based questionnaires. The participants read the information at the beginning of the survey and completed it after providing informed consent. A pilot study was conducted prior to the main data collection with undergraduate students in the same university (details available on request from the first author).
Data Analysis
Descriptive statistics for each scale (mean scores, standard deviations, skewness, Cronbach's alpha, etc.) were calculated. Pearson's product-moment correlation coefficient was used to calculate the strength of association between measures. Independent samples t tests were conducted to test gender differences in the five study variables, and effect sizes of mean differences were calculated using Cohen's d. Path analysis was adopted using AMOS version 23. Since AMOS requires complete data (Byrne 2010) , missing data were replaced using regression imputation.
Ethics
All participants gave their informed consent for scientific use, and all data were anonymised. The research met the required ethical standards and was approved by the research team's university ethics committee. The study procedures were carried out in accordance with the Declaration of Helsinki. However, it transpired that four participants were under the age of 18 years (i.e. 16 and 17 year olds). This was unexpected in the undergraduate student context, and therefore, parental permission had not been sought.
Results

Descriptive Statistics
Descriptive statistics for the total scores of the five scales are shown in Table 1 . The observed ranges of the scales were as expected. The skewness and kurtosis values indicate that all scores were normally distributed (see Table 1 ). The medians of corrected item-total correlations were all above 0.30, indicating that the items were largely correlated with the scales. The scales were internally consistent as the Cronbach's alpha values were acceptable for the short scales with no more than ten items (Loewenthal 2004) . Overall, the data from 475 participants were suitable for further analysis.
Independent Samples t Tests
Independent samples t tests were conducted to ascertain whether there were gender differences for any of the five variables. Levene's test was applied before reporting the t values. Significant gender differences were found for two variables-problematic smartphone use and self-regulation. Females (M = 37.89, SD = 7.06) reported statistically significantly higher levels of problematic smartphone use than males (M = 35.77, SD = 7.80; t(473) = 3.07, p < 0.01), but the effect size of this difference was small (d = − 0.28). There was also a significant difference between the self-reported self-regulation of females (M = 25.67, SD = 3.84) and males (M = 26.55, SD = 3.56), t(473) = − 2.58, p < 0.05, with males scoring higher than females, but this effect size was also small (d = 0.24). Because the effect sizes were small, it was judged appropriate to combine male and female participants into a single sample for further analysis (Table 2) .
Correlation Analyses
Pearson's product-moment correlation coefficients were calculated, and the five variables were almost all significantly correlated with each other. PSU was significantly and positively correlated with academic procrastination (r = 0.36, p < 0.01) and academic anxiety (r = 0.28, p < 0.01), and negatively correlated with self-regulation (r = − 0.35, p < 0.01) and life satisfaction (r = − 0.16, p < 0.01). Academic procrastination was significantly and positively correlated with academic anxiety (r = 0.39, p < 0.01), and negatively correlated with self-regulation (r = − 0.39, p < 0.01) and life satisfaction (r = − 0.16, p < 0.01). Self-regulation was significantly and negatively correlated with academic anxiety (r = − 0.35, p < 0.01), and positively correlated with life satisfaction (r = 0.26, p < 0.01). However, there was no significant correlation between academic anxiety and life satisfaction (p > 0.05). Overall, the significant correlations indicated that the data were suitable for further analysis using structural equation modelling (SEM) ( Table 3) .
Path Analysis
SEM is used to analyse complex models with multiple variables. Besides calculating path estimates, it helps to judge whether a model fits the data well (Muijs 2004) . In order to test the hypothesised model, one element of SEM (i.e. path analysis) was applied using AMOS. The item parcelling method was adopted while the total scores for the five scales were included in the model as observed variables. The criteria for a good fit are as follows: χ 2 /df < 3, RMSEA < 0.08, CFI > 0.90 (Bakker et al. 2007 ), or RMSEA < 0.06, CFI > 0.95 (Hu and Bentler 1999) . As shown in Fig. 2 , the initial model, which was in line with the hypothesised model, did not fit the data well (χ 2 = 93.24, df = 5, χ 2 /df = 18.65, p < 0.001, CFI = 0.72, RMSEA = 0.193). However, according to the modification indices provided by AMOS version 23, additional covariance between self-regulation and errors 1, 3 and 4 were recommended. As selfregulation was significantly correlated with life satisfaction, academic anxiety and academic procrastination, three paths were added into the model from self-regulation to the three variables, connected to errors 1, 3 and 4. Figure 3 shows that this modified model had a good fit (χ 2 = 2.05, df = 2, χ 2 /df = 1.03, p = 0.36, CFI = 1.00, RMSEA = 0.008. As shown in Table 4 , there were significant fit changes from the initial model to the modified model.
The standard regression weights of the paths in the modified model are shown in Fig. 3 . Significance was tested using bootstrapping (10,000 times) in AMOS. The model shows that PSU was negatively predicted by self-regulation (β = − 0.35, p < 0.001). Furthermore, PSU positively predicted academic anxiety (β = 0.18, p < 0.001) and academic procrastination (β = 0.21, p < 0.001). Academic anxiety positively predicted academic procrastination (β = 0.25, p < 0.001). Self-regulation positively predicted life satisfaction (β = 0.23, p < 0.001), and negatively predicted academic anxiety (β = −0.29, p < 0.001) and academic procrastination (β = − 0.23, p < 0.001). PSU was not a significant predictor of life satisfaction in the final model. Table 5 shows the mediating relationships identified in the final, and best-fitting, model. The significance of the indirect effects was tested using bootstrapping (10,000 times) in AMOS. PSU had significant direct effects on academic procrastination (β = 0.36, p < 0.001) and academic anxiety (β = 0.27, p < 0.001) respectively. Academic procrastination was significantly predicted by PSU (β = 0.28, p < 0.001) and academic anxiety (β = 0.31, p < 0.001) when academic anxiety was added into the relationship between PSU and academic procrastination. The effect of PSU on academic procrastination decreased from 0.36 to 0.28 when academic anxiety was added in as a mediating variable, and the indirect effect was significant (p < 0.001). Therefore, academic anxiety partially mediated the relationship between PSU and academic procrastination. The other mediating relationships in Table 5 were tested and approved in the same way as above, and the indirect effects were all significant. The effects of self-regulation on anxiety and procrastination were partially mediated by PSU. Anxiety was a partial mediator between self-regulation and procrastination.
Discussion
Summary of the Results
The present study investigated problematic smartphone use (PSU) and its potential correlates in a sample of Chinese university students. The results of the study confirmed a modified model based on the hypothesised model. Study variables were significantly correlated with each other except for life satisfaction and academic anxiety. Hypotheses 1 to 5 were supported in the modified model. In particular, PSU was significantly and negatively predicted by selfregulation. PSU also significantly and positively predicted academic anxiety and academic procrastination. These findings indicate that improving self-regulation may be one way of addressing PSU and related problems, at least in the context of the Chinese university undergraduates in the present study. Furthermore, besides the paths in the hypothesised model, self-regulation positively predicted life satisfaction (subjective wellbeing) and negatively predicted academic anxiety and academic procrastination. Hypothesis 6 was not supported because PSU was not a significant predictor of life satisfaction. Several mediation relationships were identified. PSU mediated the relationships between self-regulation and both academic anxiety and academic procrastination. Overall, the present study found that PSU had negative associations with Chinese university students' academic behaviours such as anxiety and procrastination, while self-regulation was also a key variable when considering PSU and its effects. However, it is important to note that these data are correlational and cannot conclusively demonstrate the direction of effects. Table 6 illustrates the comparison between the present study and key previously published studies. The grand mean of the IPS was calculated in order to compare it with the original grand mean in Steel's (2010) study. The AEQ-anxiety subscale scores were multiplied by 35/ 12 because the measure was shortened from 35 to 12 items in the present study. Consequently, it can be seen that PSU was reported more frequently in the present study than in others with different samples. Participants in the present study scored much higher than those in Kwon et al.'s (2013) study of 540 Korean students, with a very large effect size (d = − 1.22). As shown in Table 7 , participants in the present study also reported higher levels of addictive smartphone use than a sample of Korean teenagers (Kee et al. 2016 ) and the multi-national sample in (Chotpitayasunondh and Douglas 2016) because more participants scored over the suggested cut-off points for addiction on the SAS-SV (33 out of 50 for females and 31 out of 50 for males). In the present study, 151 out of 209 females (72.25%) scored over 33 points and 193 of 266 males (72.56%) scored over 31 points. Evidently, the Chinese undergraduate participants reported very high levels of smartphone use, notably higher than young people in other countries. This finding raises important questions about why young Chinese people report higher levels of smartphone use, and whether this really is problematic. Griffiths et al. (2016) have argued there are cultural differences in attitudes towards technology use in South East Asia. Based on their own visits to treatment clinics for technology-based addictions in South East Asia, they noted that any activity disrupts and/or impedes education and/or family dynamics appears to be pathologised by parents. When completing scales relating to internet and/or smartphone use, it is likely that some items are endorsed (e.g. having lied to individuals about their technology use, having arguments with the family about technology use) not because they are using such technologies excessively and/or problematically but because they are using the technologies for non-educational purposes. This helps explain the highly inflated prevalence rates of technology-based 'addictions' in countries such as China. In short-and from a cultural perspective-any smartphone use (not just excessive use) appears to cause problems for the user on an individual level because the use is often pathologised by parents.
Comparison with Previous Studies and Implications
In the present study, participants reported lower levels of procrastination than the multinational study of Steel (2010) Participants in the present study also reported lower levels of self-regulation than the American study by Diehl et al. (2006) with a large effect size (d = 1.05), which is interesting in light of the higher levels of PSU also reported by participants in the present study. Participants in the present study also appeared to be less satisfied with their lives than the American sample in Diener et al.'s (1985) study with a large effect size (d = 0.91). Interestingly, they also reported slightly lower life satisfaction than the large Chinese mainland sample reported more than 30 years ago by Diener et al. (1985) but with a small effect size (d = 0.33).
It appears that cultural differences are likely to have some impact on the differences observed between different study samples. Chinese mainland undergraduates in the present study perceived themselves as heavy smartphone users but tended to be more confident about their self-regulation. One possibility is that Chinese college students find it hard to control themselves on smartphone use because college represents a period of freedom after many years n number of participants scored above the cut-off value, N total number of pressure and rigorous management in school. It is possible that the level of control and restriction during the school years is higher in China than in other places. It is also possible that, because of their previous experience of strict school management, participants reported higher levels of self-regulation and lower levels of procrastination based on their behaviour at school, which may have become habitual with regard to academic work. Meanwhile, the environmental effects of the university in the present study cannot be ignored. The reported high levels of smartphone use might indicate a poor academic context (participants also reported higher levels of learning anxiety than other samples), or insufficient training in personal efficiency or effectiveness in the university. However, such differences, while interesting and worthy of further empirical research, do not affect the hypotheses tested in the present study which only examined Chinese students. The modified model based on the hypothesised model was acceptable and fitted the data well. Hypotheses 1 to 5 were supported in the modified model. Previous studies have found correlational and/or predictive relationships with anxiety and the frequency of mobile phone use, dependence on mobile phone use, and addiction to mobile phone use (Akin and Iskender 2011; Ha et al. 2008; Hong et al. 2012, etc.) . The present study provides support for this relationship because PSU significantly predicted academic anxiety in the model. Interestingly, frequent use of mobile phones has been found to predict higher anxiety (Lepp et al. 2014) , while anxiety has also been found to predict mobile phone addiction (Hong et al. 2012; Huang et al. 2013 ). It appears that there may be a bidirectional relationship between anxiety and PSU. However, it is clear that the context of the studies and the types of anxiety need to be considered when interpreting findings. The present study indicated that the Chinese mainland undergraduate students may be likely to suffer academic anxiety when they cannot control their smartphone use. It appears that to overcome PSU, more training or guidance may be useful in (i) successfully regulating smartphone use, (ii) how to benefit from smartphones, and (iii) providing skills to overcome mental health issues such as academic anxiety.
Although no studies have ever investigated the relationship between PSU and academic procrastination, Internet use has been found to be associated with procrastination (Odaci 2011; Sahin 2014 ). The present study found that PSU predicted academic procrastination, and that the association was partially mediated by academic anxiety. It appears that the students in the present study were more likely to procrastinate when they could not or did not control their smartphone use, or when they felt anxious (possibly associated to their PSU). Again, they may benefit from training on time-management skills or personal effectiveness, especially for procrastination associated with smartphone use.
In previous studies, self-regulation has been found to be a negative predictor of PSU in European samples (Gökçearslan et al. 2016; Van Deursen et al. 2015) . Low self-regulation has also been found to predict greater mobile phone and Internet use, and anxiety (LaRose and Eastin 2004; LaRose et al. 2003; Soror et al. 2012 ). In line with previous studies, the present study found that PSU was negatively predicted by self-regulation. Furthermore, the present study found that self-regulation predicted academic anxiety, procrastination and life satisfaction. It is noteworthy that PSU partially mediated the relationships from self-regulation to academic anxiety and procrastination. Consequently, PSU appears to be a key factor which should be considered when discussing the negative consequences of poor self-regulation.
Hypothesis 6 was rejected in the present study because PSU did not predict satisfaction with life significantly in the modified model although the path was significant in the initial model. Previous studies have found direct or indirect relationships between PSU and life satisfaction. The present study found they were significantly correlated but the path model was not significant. Therefore, further investigation of this relationship in different contexts is needed as well as examining whether the non-significant pathway is specific to the present sample.
Overall, the present study suggests that higher self-reported PSU predicted high levels of academic anxiety and academic procrastination. Self-regulation was a predictor of PSU. It appears that destructive academic emotions and behaviours among Chinese university students, such as anxiety and procrastination, might partly be a consequence of poor self-control concerning their smartphone use. Although the relationships cannot be said to be causal (because no experimental interventions were used in the present study), the results indicate that the training of youth in resilience skills to control their use of smartphones might be one approach to reducing anxiety and procrastination among the undergraduates in this context. It is clear that anxiety and procrastination are not simply predicted by one single factor and are likely to be aetiologically complex. However, the present findings suggest that one possible strategy for reducing levels of academic anxiety, or overcoming academic procrastination, might be to offer training or awareness raising about general self-regulation skills and approaches to smartphone use. However, such interventions would require rigorous development and evaluation. While PSU was significantly correlated with life satisfaction (but with a small effect size), this relationship was not significant in the path model. It remains unclear whether PSU predicts better or worse subjective wellbeing.
Limitations
There are several limitations of the present study. The present study used self-reported scales to investigate the five variables. It is therefore possible that participants gave socially desirable answers to the questionnaires. This appears unlikely to have been a major problem given the high levels of PSU reported and the good variability observed for each measure. It is also unknown whether the undergraduates completely understood the statements in the survey. If they misunderstood the items, the responses might be biased which could have affected the results. It is possible that this could be a factor in the reduced reliability of two of the present study measures (IPS and SRS). Loewenthal (2004) noted that the Cronbach's alpha value can be affected by the number of items and argued that scales with values above 0.6 can be acceptable when they have fewer than ten items. As the IPS and SRS used in study were made up of eight and ten items, their alpha values were acceptable for data analysis in the present study. These are particular problems for questionnaire designs. However, there are also doubts about whether experimental approaches could be successfully, rigorously and ethically applied to PSU studies, particularly if they involve gaining access to participants' smartphones or limiting their usage.
Future Research and Conclusions
It appears important for future studies to explore new research methods for investigating PSU rigorously and ethically. Smartphone applications (i.e. 'apps') designed for time management (e.g. QualityTime) can be used in future studies. However, participants might change their behaviours on smartphones when they know their behaviour is being recorded via an app. Furthermore, the SAS-SV investigated few aspects of problematic smartphone use. Several empirical studies have investigated single, specific functions of smartphone use (e.g. Facebook use). It would also be useful to investigate individual aspects of PSU, together with the other variables in the present study, rather than focusing solely on more general smartphone use. It is obvious that the undergraduate participants in the present study reported relatively high levels of PSU, much higher than in other samples, contexts and countries. Understanding the aetiology and effects of such high smartphone use among Chinese undergraduates therefore appears important. In-depth qualitative studies could be particularly useful in shedding greater insight in extending the findings presented here. It should also be noted that the present study only investigated undergraduates in one Chinese mainland university, and the findings cannot be generalised to all Chinese students. It is possible, for example, that students at different ages and different stages of their education may respond differently. It is therefore important for future studies to replicate these findings among other groups of Chinese students (e.g. Chinese high school students, Chinese postgraduate students, Chinese students in high and low ranking universities). It would also be empirically valuable to explore these issues in a cross-cultural context.
Funding Sources There is no funding for this study.
Authors' Contribution Zeyang Yang and Kathryn Asbury designed the study. Zeyang Yang conducted data collection and analysis. Zeyang Yang carried out the main bulk of the manuscript writing and literature review. Kathryn Asbury participated in checking methods and results and supporting Zeyang Yang during the data collection and analysis. Kathryn Asbury and Mark D. Griffiths acted in an editorial role when it came to the writing up of the research study. All authors read and approved the final manuscript.
Compliance with ethical standards
Conflict of Interest The authors declare that they have no conflict of interest.
Ethics This study has been approved by the Ethics Committee of the Department of Education at the University of York. All participants gave their informed consent for scientific use, and all data were anonymised. The research met the required ethical standards and was approved by the research team's university ethics committee. The study procedures were carried out in accordance with the Declaration of Helsinki. However, it transpired that four participants were under the age of 18 years (i.e. 16 and 17 year olds). This was unexpected in the undergraduate student context, and therefore, parental permission had not been sought.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
